minimally invasive (ie, renal laparoscopy) alternatives to open radical excision have modified therapeutic options appreciably. [2] [3] [4] [5] [6] Easier convalescence [7] [8] [9] [10] and equivalent cancer control 10 have established laparoscopy as an alternative standard of care for most patients who undergo radical nephrectomy. 1, 2, 4, 11, 12 In synchronicity with the gradual dissemination of laparoscopic radical nephrectomy, 2, 4 multiple investigators reported that, for selected patients with smaller renal tumors, partial nephrectomy yields oncologic outcomes that are indistinguishable from the outcomes achieved by radical excision. [13] [14] [15] Partial nephrectomy also preserves long-term renal function 16, 17 while reducing over-treatment of patients with benign 18 or clinically indolent 19 tumors. Despite these potential benefits to patients, population-based data suggest that the adoption of partial nephrectomy and laparoscopy has been gradual and concentrated among select hospitals. 4, 12 Consequently, open radical nephrectomy remains the predominant surgical therapy for Americans with kidney cancer. 3, 4, 12 Few data are available to clarify whether current practice patterns for partial nephrectomy and renal laparoscopy reflect differences in kidney cancer patients or differences in the practice styles of their surgeons. We hypothesized that surgeon-level factors influence the use of nephron-sparing and/or minimally invasive surgery more than a patient's demographic or disease-related characteristics. We evaluated this hypothesis by using multilevel analyses to estimate the proportion of surgeon-and patient-attributable variance in the use of partial nephrectomy and laparoscopy while simultaneously accounting for clustering of patients with kidney cancer within a surgeons' practice. 20, 21 By clarifying the relative contribution of surgeon factors and patient factors, we may be able to use these data to inform efforts to accelerate the adoption of partial nephrectomy and laparoscopy. Such adoption, in turn, could yield improved health outcomes among kidney cancer survivors.
MATERIALS AND METHODS

Data Source
We used linked data from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program and the Centers for Medicare and Medicaid Services (CMS) to identify and characterize a population-based cohort of older patients (aged 66 years) with incident kidney cancer diagnosed from 1997 through 2002. SEER is a population-based cancer registry that collects data regarding incidence, treatment, and mortality. The demographic composition, cancer incidence, and mortality trends in the SEER registries are representative of the entire United States population. 22 From 1997 through 1999, 11 SEER-affiliated registries (San Francisco, San Jose, Los Angeles, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, and Atlanta) provided incident cases for linkage with healthcare claims covered by the CMS. In 2000, the SEER-Medicare dataset was expanded to include cases from the Greater California, Louisiana, New Jersey, and Kentucky tumor registries. The Medicare Program provides primary health insurance for 97% of the United States population aged 65 years. 23 Successful linkage with CMS claims is achieved for >90% of Medicare patients whose cancer-specific data are tracked by SEER. 23 
Cohort Identification
We identified a preliminary cohort of 6515 Medicare beneficiaries who were diagnosed between 1997 and 2002 with localized/regional, nonurothelial kidney cancer. For each patient in the preliminary cohort, we then searched both inpatient (Medicare Provider Analysis and Review file; based on International Classification of Diseases, ninth revision, Clinical Modification [ICD-9] codes) and physician claims (Carrier Claims file; based on American Medical Association Current Procedural Terminology [CPT] and ICD-9 codes) for kidney cancer-specific diagnosis and procedure codes.
Of these beneficiaries, we excluded 1026 patients who lacked claims denoting surgical treatment for kidney cancer. We also excluded 3 patients (6 cases) who had claims that suggested the presence of bilateral tumors at diagnosis. This process yielded a final analytic cohort of 5483 cases (84.2% of the preliminary cohort).
Surgical Procedures
Next, we defined and applied a claims-based algorithm to determine the type of surgical therapy received by each patient in the analytic cohort. Recognizing that specific CPT codes for laparoscopic radical nephrectomy (introduced in 2000) and laparoscopic partial nephrectomy (introduced in 2002) did not exist during the earlier years of the study, we identified laparoscopic cases using both direct (CPT) and indirect (ICD-9 and CPT) laparoscopy codes. 2, 4, 24 We also ascribed a laparoscopic approach to patients with a live discharge and length of stay 2 days after radical or partial nephrectomy. 2, 4, 24 By using this algorithm, we assigned each case to 1 of 4 mutually exclusive surgical categories: 1) open radical nephrectomy, 2) open partial nephrectomy, 3) laparoscopic radical nephrectomy, and 4) laparoscopic partial nephrectomy.
We assessed the level of concordance between our claims-based algorithm and the type of cancerdirected surgery specified for each patient in the SEER data file (Patient Entitlement and Diagnosis Summary File) as validation. Although SEER does not collect data regarding whether the surgical approach was open or laparoscopic, we observed 97% agreement for the assignment of partial versus radical nephrectomy (j 5 0.83). In addition, we identified relevant surgical pathology claims within 30 days of the index admission for > 95% of the cases analyzed, thus supporting the occurrence of cancer-directed surgery.
Patient-level Covariates
We used SEER variables to ascertain demographic and cancer-specific information (ie, age at surgery, sex, race/ethnicity, marital status, SEER registry, year of surgery, tumor size) for each patient in the analytic cohort. We collapsed tumor size into 2 clinically relevant groups based on a 4-cm threshold. 14 We assigned median Census-tract income and Censustract percentage of nonhigh school graduates as patient-level measures of income and education, respectively. 25 We measured pre-existing comorbidity by using a modification of the Charlson Index 26 to identify comorbid conditions (including diabetes, renal insufficiency, and cardiovascular disease) from inpatient and physician claims that were submitted during the 12 months before the index admission for kidney cancer surgery. 27 We also noted the presence or absence of hypertension, urolithiasis, and/or renovascular disease, given their relevance to surgical decision-making among patients with kidney cancer.
Primary Surgeon
To identify the primary surgeon for each patient, we used encrypted Unique Physician Identifier Numbers, which are submitted with Medicare physician claims. By using claims from 1991 through 2002, we also determined each surgeon's average annual nephrectomy (partial or radical) volume. We empirically defined high-volume surgeons as those who performed 3 annual cancer-related nephrectomies among the SEER-Medicare population (83rd percentile). This measure of case volume may not reflect the total number of nephrectomies performed by a provider: It fails to account for surgeries among younger (non-Medicare-eligible) patients, Medicare Health Maintenance Organization enrollees, and/or fee-for-service Medicare participants who reside outside of the SEER registries.
Statistical Analysis
Before fitting multilevel models, we performed several univariate analyses. We used chi-square tests to evaluate the level of association between surgical procedure and various patient-level covariates and to assess the statistical significance of temporal surgical trends.
For our multilevel analyses, we defined the following primary outcomes: 1) use of partial nephrectomy and 2) use of laparoscopy among patients who underwent radical nephrectomy. We hypothesized a priori that kidney cancer patients are nested within surgeons' practices. Within this conceptual framework, we fit multilevel models (also known as hierarchical generalized linear models) to estimate surgeonand patient-level contributions to observed variations in the use of partial nephrectomy and laparoscopy for radical nephrectomy. 20, 21 Each model included a unique surgeon identifier as a random-effects term. 20, 21 In a first set of models (ie, a model for partial nephrectomy and a model for laparoscopic radical nephrectomy), we estimated the surgeon-attributable residual intraclass correlation coefficient (ICC). The residual ICC estimates the proportion of the ''leftover'' or unexplained variance in the use of partial nephrectomy or laparoscopic radical nephrectomy attributable to unmeasured surgeon factors (rather than, for instance, unmeasured patient or hospital factors) after accounting for the variance explained by measured variables, such as patient demographics, prevalent comorbidity, tumor size, and surgeon case-volume classification. For the partial nephrectomy outcome, we fit an additional model based on a subsample of patients who were diagnosed in 2000 or later and had tumors that measured 4 cm (ie, the subsample of patients for whom partial nephrectomy may have been most appropriate).
Next, we fit a series of models that estimated the proportion of total variance (in the use of partial nephrectomy and laparoscopy for radical nephrectomy) that could be explained by surgeon factors and specific patient and tumor characteristics. For this step, the initial model (known as the ''unconditional model'') included only a surgeon-level random-effects term; From the unconditional models, we calculated the surgeon-attributable variance without adjustment for case volume, patient characteristics, or tumor characteristics. Then, we estimated the proportion of total variance explained by patient demographics, patient comorbidity, tumor size, and surgeon volume classifi-cation by fitting separate models (for each outcome) that included both a surgeon-level random-effects term and only 1 of the following fixed-effect covariate subsets: 1) surgeon case volume, 2) patient demographics, 3) medical comorbidity, and 4) tumor size.
For sensitivity analyses, we calculated the residual ICC attributable to surgeons based on procedure assignment without the length-of-stay assumption for laparoscopy and based on a subsample of patients (n 5 3989) in which only direct CPT and ICD-9 codes were used to determine case assignment. We also repeated the primary analyses after limiting our sample to patients whose surgeons performed 3 nephrectomies during the study period. We were unable to fit models that also included surgeon-level covariates, such as year of medical school graduation and practice structure, because of computational limitations.
All statistical testing was 2-sided, completed by using computerized software (SAS version 9.1; SAS Institute, Cary, NC), and carried out at the 5% significance level. We obtained approval for this study from the Institutional Review Board at the University of California, Los Angeles.
RESULTS
Analytic Cohort
We identified a final analytic cohort comprising 5483 Medicare beneficiaries who underwent surgery for an incident kidney cancer diagnosed between 1997 and 2002. Table 1 presents demographic and clinical characteristics for patients in the analytic sample. During the study interval, 611 patients (11.1%) underwent partial nephrectomy (43 performed laparoscopically), and 4872 patients (88.9%) underwent radical nephrectomy (515 performed laparoscopically). We observed differences in treatment patterns according to sex, marital status, SEER registry, income, tumor size, and prevalent hypertension diagnosis (all P values <.05) ( Table 1) .
Surgical Practice Patterns
From 1997 through 2002, the proportion of patients who underwent partial nephrectomy increased from 7.1% to 14.6% (P < .01); for patients who had tumors that measured 4 cm, the proportion rose from 8.9% to 23.5% (P < .01) (Fig. 1A) . Among patients who had tumors that measured 4 cm, laparoscopic radical nephrectomy increased from 1.2% to 20.3%; for patients with larger tumors, laparoscopic radical nephrectomy increased from 0.8% to 16.2% (P values < .01) (Fig. 1B) .
In Table 2 , we compare the use of surgical procedures, stratified by comorbidity, from 1997 through 1999 and from 2000 through 2002. During both periods, laparoscopic radical nephrectomy decreased among patients with greater comorbidity. The proportion of partial nephrectomies (open or laparoscopic) remained similar across comorbidity strata.
Multilevel Models
We identified 1632 primary surgeons who performed 5025 kidney cancer surgeries (92% of all cases in the analytic cohort) during the study interval. In addition to the 458 cases for whom we could not identify the primary surgeon, cases missing data for 1 or more independent variables were also excluded from the multivariate analyses. Thus, our final partial nephrectomy and laparoscopy models included 3995 cases (73% of the analytic sample) and 3565 cases (80% of radical nephrectomies in the analytic sample), respectively (Table 3) . Table 3 presents findings from our multilevel analyses. For both the partial nephrectomy and laparoscopy outcomes, we report the surgeon-attributable residual ICC, that is, the percentage of ''leftover'' or unexplained variance in the use of the procedure associated with the surgeon after adjusting for available patient demographics, comorbidity, tumor size, and surgeon volume. Table 3 also presents the proportions of total variance in procedure use attributable to unmeasured surgeon factors, surgeon case volume, patient demographics, comorbidity, and tumor size.
For our primary models, the proportions of variance that were explained by measured variables (patient demographics, comorbidity, tumor size, and surgeon volume) were 22.5% and 23.2% for partial nephrectomy and laparoscopy, respectively. With respect to the remaining or ''left-over'' variance, the corresponding surgeon-attributable residual ICCs were 18.1% and 37.4%, respectively. When we fit the partial nephrectomy model for a subsample of patients with small tumors (4 cm) diagnosed between 2000 and 2002, the residual ICC for surgeons was 21.6% (Table 3) .
With respect to partial nephrectomy, only the proportion of total variance attributable to tumor size (19.6%) exceeded that attributable to unmeasured surgeon factors (17.5%). Neither comorbidity nor surgeon volume explained >5% of the total variance in use of partial nephrectomy. The relative contribution of surgeon factors and patient factors was similar in analyses limited to patients with smaller tumors (4 cm) diagnosed between 2000 and 2002 (Table 3) .
For our laparoscopy outcome, the percentage of total variance attributable to unmeasured surgeon factors (37.5%) was substantially greater than that attributable to surgeon case volume (13.9%), tumor size (14.6%), comorbidity (13.4%), or patient demographics (20.7%) ( Table 3 ). The partitioned variances and residual ICC attributable to surgeons did not change substantively in sensitivity analyses.
DISCUSSION
This study has 2 principal findings. First, and consistent with prior population-based studies, cedures, the proportion of total variance attributable to surgeon factors exceeded that for almost all patient and tumor characteristics, including tumor size and comorbidity. The ensuing inference is that a minority of elderly patients with kidney cancer undergoes nephron-sparing or minimally invasive surgery; moreover, surgeon-level determinants appear to influence the likelihood of undergoing a partial nephrectomy or a laparoscopic approach for radical nephrectomy as much as or greater than a patient's tumor size, demographic characteristics, or general medical health. Our findings are consequential clinically insofar as the benefits of partial nephrectomy 16, 28 and laparoscopy [7] [8] [9] support the application of 1 or both of these techniques for a majority (rather than a minority) of patients with organ-confined renal tumors. Evidence for the feasibility of this paradigm comes from multiple contemporary case series in which >50% of patients with tumors 4 cm underwent a partial nephrectomy (or another kidneysparing technique); at these centers, most of the patients who did not undergo kidney-sparing treatment underwent laparoscopic radical nephrectomy. 5, 6, 29 The finding that, even in 2002, 2 of 3 Medicare beneficiaries with kidney cancer underwent an open radical nephrectomy highlights an opportunity for population-level improvements in the quality of surgical care. In fact, it is elderly patients who may benefit most from treatments that preserve renal function and/or ease postoperative convalescence.
Reducing clinical uncertainty is a necessary step toward the goal of optimizing surgical practice patterns. The debut of (and progressively broadening indications for) partial nephrectomy and laparoscopy fragmented professional consensus regarding the standard therapy for patients with small, organconfined renal masses. 11, [30] [31] [32] Emblematic of this concern is the finding that both open partial nephrectomy and laparoscopic radical nephrectomy are used most frequently among patients with small tumors (4 cm) and little comorbidity. Likewise, the persistently high proportion of surgeon-attributable variance among patients with tumors 4 cm (ie, those for whom partial nephrectomy may have been most feasible) further underscores the extant uncertainty regarding the relative benefits of kidney-sparing and minimally invasive surgery.
In the setting of such uncertainty, individual surgeons may have developed distinctive approaches to the treatment of otherwise similar patients with kidney cancer (so-called surgical signatures). 33, 34 The finding that the percentage of provider-attributable and tumor characteristics as well as surgeon nephrectomy case volume (the residual intraclass correlation coefficient). The denominator for calculation of this proportion includes the residual variance attributable to the surgeon random effect (after adjustment for patient demographics, comorbidity, tumor size, and surgeon case volume) and the variance attributable to unmeasured patient or tumor variables plus error. { The denominator for the calculation of partitioned-variance proportions is the total. The total variance includes 3 components: 1) the variance attributable to the surgeon (after adjustment for the corresponding fixed-effect covariate[s] in a given model); 2) the variance attributable to the corresponding measured covariate(s) (ie, the fixed effects); and 3) the variance attributable to unmeasured patient or tumor variables plus error. The partitioned variance attributable to the surgeon is estimated using an ''unconditional'' model, which includes a surgeon-level random-effects term as the only independent variable; accordingly, the denominator for calculation of this percentage includes only 2 components: 1) the variance attributable to the surgeon unadjusted for any other covariates and 2) the variance attributable to unmeasured patient or tumor variables plus error.
variance in our analysis was higher than that reported in other clinical studies 35, 36 using multilevel modeling techniques supports the validity of this hypothesis and highlights the need for additional studies and/or consensus-based clinical guidelines that clarify optimal surgical treatment algorithms for patients with kidney cancer (including the appropriate integration of ablative therapies 37 and surveillance protocols 38 ). Although these data are consistent with the proposition that a surgeon's kidney cancer case volume is associated with the use of partial nephrectomy and laparoscopy, 4, 12 the relatively greater percentage of variance attributable to nonvolumerelated surgeon factors underscores the potential leverage of other provider-adoption barriers related to technical complexity, 39, 40 practice setting, 41, 42 and informational resources. 42 For instance, during the years that we studied, few practicing urologists received formal training in laparoscopy; moreover, relatively small kidney cancer caseloads further deterred uptake of this technique. 40, 43 In view of these barriers, several mentored and simulator-based training programs consequently emerged to facilitate skill transfer from experienced to laparoscopy-naive urologists. [44] [45] [46] The high percentage of provider-attributable variance also may reflect unmeasured differences in practice setting (and consequent access to information) among surgeons in our sample. That is, most providers make conclusive decisions about innovations based on interactions with local peer adopters rather than on scientific research or mass-media channels. 40, 42 For the use of partial nephrectomy and laparoscopy, therefore, the high proportion of surgeon-attributable variance may signify an asymmetric distribution of local surgical colleagues who assess the procedure, refine its application, and then use informal communication channels to facilitate propagation among other potential adopters in their community. 5, 40, 42 Recognizing that social connections and local informational resources facilitate the diffusion of new surgical therapies, 39, 40, 42, 47 we see innovative collaborations between urologists-informed by established practice-based surgical research models [48] [49] [50] [51] -as representing a potential mechanism for accelerating the adoption of partial nephrectomy and renal laparoscopy.
Alternatively, it is possible that payer-initiated referral policies could emerge that circumvent adoption barriers by promoting the concentration of surgical care among providers with established proficiency in the spectrum of surgical treatment options for patients with kidney cancer (the ''centers-of-excellence'' model). 48 This potential policy lever has several limitations, including its reliance on imperfect methods for identifying ''excellent'' providers, 48 its indifference to patient preferences for where they receive care, 52 its potential to yield delays in care as a result of saturation of designated providers, 53 its failure to address the obstacles encountered by surgeons endeavoring to adopt beneficial innovations, 40, 51 and its assumption that variations in convalescence and morbidity (as opposed to mortality) sufficiently motivate a policy-based intervention. Ultimately, the development of specific interventions to increase the use of partial nephrectomy and laparoscopy will be informed by future studies that further characterize surgeon-level (eg, attitudes, practice structure and setting) and hospital-level (eg, technology, ancillary staff) determinants of adoption as well as patient preferences.
Our study had several limitations. First, current SEER-Medicare data reflect the earlier years after urologists' acceptance of partial nephrectomy and laparoscopy; more recent data may reveal expanded use of these techniques with a smaller percentage of provider-attributable variance. 54 There is evidence, however, that the use of these techniques remained stable in 2003 and 2004. 2, 55 Second, the generalizability of our results was restricted by a sample that was limited to patients aged 66 years who had traditional fee-for-service Medicare coverage. Nonetheless, linked SEER-Medicare data provided a unique opportunity to evaluate variations in kidney cancer care in the context of clinically important case-mix variables, including tumor size and medical comorbidity. Third, we could not explicitly measure all clinical variables that were relevant to surgical decision making. Consequently, we were unable to distinguish reliably which patients had recognized contraindications to nephron-sparing and/or minimally invasive surgery. Fourth, we defined high-volume surgeons empirically rather than based on existing criteria; alternative volume thresholds may have changed the proportion of variance explained by surgeon case volume.
Fifth, although we posit that the expanded use of partial nephrectomy and laparoscopy is a desirable objective, we also recognize that clarifying the optimal use of these procedures will require a better understanding of patient preferences. This is particularly relevant given the potentially dissimilar nononcologic outcomes (eg, intensity of convalescence, short-term complications) after different surgical therapies. Sixth, our algorithm for assigning surgical procedure necessarily assigns a single treatment for the small number of cases with a discrepancy in sur-gical procedure classification based on inpatient claims versus physician claims. Thus, our primary outcome is susceptible to some degree of misclassification; however, sensitivity analyses confirmed our principal findings. Finally, our findings are subject to potential selection bias based on observed differences (eg, sex, race, income) between patients who were excluded and patients who were included in our multivariable models. The observed differences, however, were small in magnitude and lacked clinical significance. In addition, excluded and included patients did not differ in tumor size, education, or marital status, and the 2 groups were similar with respect to the distribution of surgical therapies.
This report describes patterns of surgical care for elderly Americans with kidney cancer. Specifically, despite their potential advantages relative to open radical nephrectomy, partial nephrectomy and laparoscopy are used relatively infrequently in this population; moreover, much of the variance in their use is attributable to surgeon-specific factors rather than patient-or tumor-specific factors. Thus, for many older patients with kidney cancer, the surgery provided may depend more on their surgeon's practice style than on the characteristics of the patient and his or her disease. Consequently, the timely dismantling of residual barriers to surgeons' adoption of partial nephrectomy and laparoscopy is an important step toward improving the quality of care provided to patients with kidney cancer.
